Introduction
Nitric oxide (NO), precisely excessive NO, has been reported to be involved in a number of neurodegenerative diseases [1] . Thus we tried to find compounds modulating NO production from natural products using lipopolysaccharide (LPS)-stimulated BV2 microglia [2] . In this screening system, the methanolic extract of the leaves of Polygala japonica Houtt (Polygalaceae) significantly inhibited LPS-induced NO production. P. japonica is a perennial herbaceous plant native to some Asian countries. In Korea, the whole plant of P. japonica has been used to treat pharyngitis, insomnia, depression, cuts and bruises [3] . This plant has been known to be rich in triterpenoid saponins [4] . Several flavonoid glycosides, xanthones and cerebrosides have been also reported to be isolated from this plant [5, 6] .
In the present study, bioassay-guided fractionation of the extract of P. japonica led to the isolation of five anthraquinones (1 -5) and four flavonoids (6 -9).
We describe the isolation and the identification of these compounds and the evaluation of their effect on NO production in LPS-stimulated BV2 cells.
Methods and materials

Plant material
The dried whole plant of P. japonica was purchased from Kyungdong traditional herbal market (Seoul, Korea) and authenticated by Dr. Jong Hee Park, professor of Pusan National University. A voucher specimen (KD-034) has been deposited at the Herbarium of the Medicinal Plant Garden, College of Pharmacy, Seoul National University.
Isolation of NO production inhibitory compounds
The plant material (12.6 kg) was ground and extracted with 80% methanol at room temperature. The methanol extract was concentrated in vacuo to give a crude extract (2.7 kg). The methanolic extract was then suspended in H 2 O and partitioned successively with n-hexane, CHCl 3 , ethylacetate (EtOAc) and n-butanol. The n-hexane fraction (263.6 g) was subjected to silica gel column chromatography (CC) to yield 13 fractions (H1 -H13). Compound 1 was isolated from H2 by recrystallization with methanol. Compounds 2 and 3 were isolated from H4 and H9, respectively, by CC over silica gel and Sephadex LH-20. In addition, the EtOAc fraction (87 g) was fractionated into 8 fractions (E1 -E8) by silica gel CC. Compounds 4, 6 and 9 were isolated from E2 by sequentially using silica gel CC and ODS reverse phase CC. E5 was subjected to silica gel CC and Sephadex LH-20 to yield compounds 5 and 7. Compound 8 was isolated from E3 using silica gel CC followed by ODS reverse phase CC.
Cell line cultures
BV2 mouse microglia cell line originally developed by Dr. Bocchini at University of Perugia (Perugia, Italy) [7] was generously provided by Dr. Sun-yeou Kim at Kyunghee University (Suwon, Korea). The cell line was maintained in DMEM containing 10% FBS with penicillin (100 IU/mL) and streptomycin (10 mg/mL) at 378C in a humidified atmosphere of 95% air-5% CO 2 .
Evaluation of NO production inhibitory effect in LPS-stimulated BV2 microglia
Test fractions and compounds were dissolved in DMSO (final concentration in cultures , 0.1%). To remove any trace of phenol red, the cell cultures were washed and the medium was replaced with phenol red-free DMEM. Then BV2 microglia cells (2 £ 10 5 cells/well in 96 well plates) were treated with test samples for 1 h before exposure to 100 ng/mL of LPS. After 24 h incubation, nitrite in culture media was measured to assess NO production in BV2 cells using Griess reagent. In 96 well plate, 100 mL of sample aliquots were mixed with 100 mL of Griess reagent (1% sulfanilamide, 0.1% naphtylethylenediamine dihydrochloride, 2% phosphoric acid) and incubated at room temperature for 15 min. The absorbance (abs) at 550 nm was measured on a microplate reader. The concentration was determined using nitrite standard curve [8] . After 100 mL of sample aliquots were collected for Griess assay, MTT (0.2 mg/mL) was directly added to cultures, followed by incubation at 378C for 3 h. The supernatant was then aspirated and 100 mL of DMSO was added to dissolve the formazan. The absorbance (abs) at 540 nm was measured using a microplate reader. Data were expressed as percent cell viability relative to control cultures [8] .
Cell viability % ¼ 100
£
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Statistical analysis
All data were expressed as mean^standard deviation (SD). The evaluation of statistical significance was determined by an "one-way ANOVA" test using computerized statistical package. The data were considered to be statistically significant if the probability had a value of 0.05 or less.
Results and discussion
In last decades, evidence has accumulated suggesting excessive NO production may play a role Figure 1 . Effect of the methanolic extract and the fractions of P. Japonica on LPS-induced NO production in BV2 microglia. BV2 cells were washed with phenol red-free DMEM and incubated with test samples (100 mg/mL) for 1 h. The cultures were then stimulated by 100 n/mL of LPS for 24 h. After incubation, NO production was measured by the Griess reaction and sodium nitrite was used as the standard. NO production (NP) of control and LPS-treated cultures were 3.9^0.1 and 17.7^0.5 mM, respectively. The solid bar shows relative NO production (%) which was calculated as (NP of sample treated -NP of control)/(NP of LPS-treated -NP of control) £ 100 (%). LPSstimulated value differs significantly from control at a level of p , 0.001. Results differ significantly from the LPS-treated, *p , 0.05, **p , 0.01 and ***p , 0.001, respectively. The hatched bar shows the cell viability relative to control cultures.
in neurodegenerative diseases. Increased generation of NO after cerebral ischemia has been reported by measurements of brain nitrite in mice [9] . Moreover, the immunohistochemical and biochemical analysis demonstrated the increment of nitrotyrosine in the brains of Alzehimer's disease or Parkinson's disease patients [10, 11] . Taken together, high concentrations of NO and reactive nitric oxide species (RNOS), derivatives of NO, can oxidize, nitrate, nitrosate or nitrosylate at critical residues of biomolecules such as DNA, fatty acids, mitochondrial enzyme and key amino acids in proteins [12 -14] . Thus we tried to find compounds modulating NO production from natural products using LPS-stimulated BV2 microglia. In this screening system, the methanolic extract of P. japonica significantly inhibited LPS-induced NO production. The methanolic extract was then suspended in H 2 O and partitioned successively with n-hexane, CHCl 3 , EtOAc and n-butanol. As shown in Figure 1 , all the tested fractions effectively inhibited LPS-induced NO production in BV2 cells. Among these fractions, the EtOAc fraction which showed the most significant NO production inhibitory effect and the n-hexane fraction, the most abundant fraction, were used for the isolation of active compounds to yield five anthraquinones (1 -5) such as chrysophanol (1), emodin (2), aloeemodin (3), emodin 8-O-b-D-glucopyranoside (4) and trihydroxy anthraquinone (5), and four flavonoids including kaempferol (6), chrysoeriol (7), kaempferol 3-gentiobioside (8) and isorhamnetin (9) . The chemical structures of these compounds were determined by comparison of their spectroscopic data with those previously reported [15 -18] (Figure 2 ). NO production inhibitory effect of these compounds was evaluated at the concentrations ranging from 1.0 mM to 100.0 mM. As shown in Table I , it was found that compounds 1 -4, 6, and 7 have significant inhibitory effects on LPS-induced NO production in BV2 cells. To verify whether reduced cell numbers by the cytotoxicity of these compounds resulted in decreased of NO production, cell viability was measured employing MTT assay. The isolated anthraquinones (1 -5) showed slight toxicity at the concentration of 100.0 mM. However, the effect of Table I . Effect of the isolated compounds from the leaves of P. Japonica on LPS-induced NO production in BV2 microglia. BV2 cells were washed with phenol red-free DMEM and incubated with test compounds for 1 h. The cultures were then stimulated by 100 mg/mL of LPS for 24 h. After incubation, NO production was measured by the Griess reaction and sodium nitrite was used as the standard. NO production (NP) of control and LPS-treated cultures were 3.9^0.1 and 17.7^0.5 mM, respectively. Relative NO production (%) was calculated as (NP of sample treated -NP of control)/(NP of LPS-treated -NP of control) £ 100 (% Figure 2 . Structures of the compounds isolated from P. japonica.
these compounds, except compound 5 (data not shown), on NO production exceeded their cytotoxicity. Among the isolated flavonoids (6 -9), compounds 6 and 7 showed potent inhibitory activity against NO production without cytotoxicity.
